. Evaluation of SSR and important agronomical characters of promising mutant lines of soybean. Biodiversitas 21: 299-310. Improved soybean (Glycine max (L.) Merr.) varieties resistant to major pest or disease, and in accordance with consumer preferences are important in breeding programs to raise their productivity. Identification of superior promising mutant lines of soybean before releasing them needs multiple environment trials complemented with molecular assay. This study aimed to assess morpho-agronomical and molecular characters using SSR markers of promising mutant lines of soybean (Glycine max (L.) Merr.). A total of 14 SSR markers were used to evaluate 20 mutant lines along with their parental lines and check varieties, and eight different locations were chosen to field evaluation of 11 selected lines induced by gammaray. Values of Polymorphism Information Content, allele number, and gene diversity index were high, indicating the great genetic diversity among these mutant lines, and far distant from their parental lines. Phylogenetic tree also supported the distinguishable among gamma ray-induced mutant lines compared to the parental lines. The significant interaction between promising line and environment showed their high adaptability and stable yield in various environments. Biosoy-8 (2.713 ton/ha) and Biosoy-11 (2.631 ton/ha) revealing the high yields lines supported with the molecular information could be potential to be released as new varieties and can direct their efficient utilization for field application or further improvement scheme.
INTRODUCTION
Soybean (Glycine max (L.) Merr.), the most popular edible legume crop in Indonesia, has increased a deficit in its consumption in 2016-2020 with an average of 36.95% per year. While the shortage of soybean supply in 2020 is projected at approximately 1.91 million tons (Ministry of Agriculture 2016). Ironically to meet its demand, 2.67 tons per year are imported (BPS 2019), therefore, improved soybean variety adaptive to resistant to major pest or disease, and in accordance with consumer preferences is needed to raise its productivity. Breeding procedures in soybean in Indonesia have been put in high effort by broadening plant genetic diversity through various methods including mutation (Soeranto 2011) , followed by systematic selection (Asadi et al. 2004; Carsono 2008) . Induced mutation which affects genotypic and phenotypic changes (Dhanavel et al. 2012) , can rapidly create the variability of inherited traits in crops both quantitatively and qualitatively (Muduli and Misra 2007) . This approach has been effectively utilized in developing new and valuable alternation in plant characteristics that have contributed to increase yield potential or disease resistance.
Induced mutation technique could improve one or more characters without changing the basic character of native varieties. Induced mutation through seed becomes the most effective breeding approaches in developing improved varieties according to the desired characters (Arefrad et al. 2012; Gobinath and Pavadai 2015) . Gamma rays-induced mutation is an efficient tool to produce mutant in crop breeding and at least 3212 mutants species obtained as direct mutants or derived from their crosses have been released worldwide (Kumar et al. 2014) . Hereditary changes in various crops by using gamma irradiation have been reported (Ahloowalia et al. 2004) , including in several legume crops such as cowpea (Girija et al. 2013) , faba bean (Mejri et al. 2014) , mungbean (Sangsiri et al. 2005 ) and soybean (Hanafiah et al. 2010; Pavadai et al. 2010; Arefrad et al. 2012; Gobinath and Pavadai 2015) . In Indonesia, gamma rays induction has been used in breeding (Widiarsih and Swimahyani 2013) , to broaden genetic diversity of plant species (Togatorop et al. 2016; Warid et al. 2017 ) and plant nutrition (Meliala et al. 2016) . This approach has not only contributed to increase national agricultural production in Indonesia but also has generated hundred of promising mutant lines.
Multi-location trial, as the last step of phenotypic evaluation of plant varieties to be released, is needed to select superior and stable promising mutant lines and to understand the effect of genotype and environment. Notably, the significant interaction between promising mutant lines and environments would be valuable to indicate the superior varieties selected (Atta et al. 2009 ). A mutant line can be stable due to its high adaptability in various environments and irradiation-induced mutations combined with crossing governed the heredity of quantitative characters for new genotypes (Borevitz et al. 2003) . Indonesian Center for Agricultural Biotechnology and Genetic Resources Research and Development (ICABIOGRAD) under the Indonesian Agency for Agricultural Research and Development (IAARD) has improved lines through hybridization and induced mutation applied in seeds and calli of soybean that need further evaluation. This study aimed to assess morphoagronomical characters and SSR of the promising soybean mutant lines to facilitate breeder in selection of superior lines with their characterized genetic variations.
MATERIALS AND METHODS

Plant materials
A total of 25 soybean genotypes were used in this study for field evaluation and SSR analysis. Selected 11 mutant lines (Biosoy-1 to Biosoy-11) of F8 generation derived from a cross of the soybean genotype from China (Bioed-Kc-sm-4 reg. 05003-04452) and an introduced genotype from Japan (Bioed-Jp-O7), M0 (called as Biosoy), one of the parent from China (Bioed-Kc-sm-4 reg. 05003-04452) and two popular varieties with high yielding which have been released in 2008 and 2001, respectively (Grobogan and Anjasmoro) as check varieties were used for multiple environments assay. The 11 mutant lines were selected from a number of field evaluations of F8 population. However due to very limited seed, the genotype from Japan was not included in this assay but according to field valuation, one parent is sufficient as a control. In addition to the 11 mutant lines, nine more soybean mutant lines were evaluated their molecular characters using SSR markers. The list of soybean mutant lines along with the parental lines and check varieties which were denoted as M1-M25 is presented in Table 1 .
Mutation breeding scheme
Two introduced soybean varieties, China (Bioed-Kcsm-4 reg. 05003-04452) and Japan (Bioed-Jp-O7) were crossed to produce F1 population in 2008. The lines of F2-F5 generations were then selected in field evaluation in experimental field station, Pacet, West Java (928 m above sea level). Modified bulk selected plants showing at least two good agronomic characters (such as large seeds and high number of pods) in each generation were mixed and subsequently planted to produce seeds of next generation. In the F5 population, individual plant was selected according to the pedigree which was performed up to the 7th generation (F7). In 2014, one of the homozygous F8 lines having large seeds, high number of pods and numerous branches (KC/KJ-F8-1 line) was obtained and selected for further physical mutation with gamma-ray. The gamma-ray irradiation has been done in the National Nuclear Energy Agency of Indonesia with doses of 200 and 250 gray. The gamma irradiation was expectedly to produce mutants with high yield potential, large seed size of about 20 g/100 seeds, and early to moderate maturity. The pedigree and selection of mutant lines are presented in Figure 1 .
DNA isolation
Genomic DNA was isolated from young and fresh leaves of one-month-old soybean plant. The fully expanded first trifoliate leaf was fully grounded in liquid nitrogen to a fine powder using pestle and mortar. The DNA was extracted using cetyl trimethyl ammonium bromide (CTAB) method according to the protocol of Doyle and Doyle (1990) . The quantity and purity of genomic DNA were determined using agarose gel electrophoresis and NanoDrop 2000 spectrophotometer (Thermoscientific Co., USA).
PCR amplification using SSR markers
A total of 14 universal SSR markers used in this study was accessed from USDA-ARS Soybean Genome Database (http://129.186.26.94/SSR.html) ( Table 2) . DNA amplification using Polymerase Chain Reaction (PCR) was performed in a total volume of 10 µL containing 20 ng of template DNA, 10 µM of each primer (forward and reverse), 5 µL of KAPA PCR ready mix (KAPA Biosystem). The PCR amplification was programmed to initial denaturation at 94 °C for 5 min, cycle 35 times under the following conditions: denaturation for 30 s at 94 °C , annealing for 1 min at 55 °C , and elongation for 2 min at 72 °C . Final extension was held for 5 min at 72 °C . Amplicons were migrated on 8% non-denatured polyacrylamide gels and used a 100 bp-DNA ladder for molecular weight size. The electrophoresed gel was stained with ethidium bromide and visualized under ultraviolet light in UV Transilluminator (UVP, UK) and documented for allele detection. Table 1 . List of 25 soybean genotypes used in this study
Code Line (genotype name) M1
Ped M6-A1-28-2 M2
Ped M6-A1-31-3 (Biosoy-1) M3
Ped M6-A1-44-2 (Biosoy-2_ M4
Ped M6-A1-488-1 (Biosoy-3) M5
Ped M6-A1-420-3 (Biosoy-4) M6
Ped M6-A1-487-1 (Biosoy-5) M7
Ped M6-A1-488-2 (Biosoy-6) M8
Ped
Bulk-Ped M6-A-33 (Biosoy-10) M16
Bulk-Ped M6-A-44 M17
Bulk-Ped M6-B-5-10 (Biosoy-11) M18
Bulk-Ped M6-A-5-17 M19
Bulk-Ped M6-A-B5-22 M20
Bulk-Ped M6-B-5-29 M21
Chinese genotype (Bioed-Kc-sm-4 reg. 05003-04452) M22
Grobogan M23
Parental line of Biosoy-M0 (M0-FC3) M24
Parental line of Biosoy-M0 (M0-FC4) M25 Anjasmoro 
Molecular data analysis
The DNA bands were scored as binary data to all SSR loci. It was assumed that each band visualized in the polyacrylamide gel was one allele and considered the bands with the same movement pattern to have the same locus. A score of 1 (one) to the bands that were visualized, and a score of 0 (zero) to the bands that were not produced at the same sizing, whereas the samples that did not produce amplicons were given a score of 9 which is considered as missing data. The gel analyzer software facilitates to determine the position of the band. Genetic similarity between lines was estimated according to the formula of Nei and Li (1979) . Statistical summary of polymorphism information content (PIC), allele number, heterozygosity, gene diversity index was calculated using PowerMarker V3.25 software (Liu and Muse 2005) . Unweighted Pair Group Method with Arithmetic mean (UPGMA) cluster analysis was used to assess pattern of diversity among the mutant lines. Dendrogram was constructed with the TREE program of NTSYS-pc version 2.1 software (Rohlf 2000) .
Field evaluation in multiple locations and data analysis
A total of 11 mutant lines with high yields and good agronomic performances were selected based on advanced yield trials in 2015, and subsequently evaluated in multiple environment trials in 2016. Field assays of 11 promising mutant lines (M2, M3, M4, M5, M6, M7, M9, M10, M13, M15, M17) and four varieties as control (M21, M22, M24, M25) (Table 1) were carried out in eight agro-ecosystems for study sites (Table 3 ). The eight environments in seven locations included in West Java (Cibatok, Kuningan, Pusakanagara, Muara on dry season and Muara on rainy season), specific location in Yogyakarta (Wonosari), East Java (Kendalpayak) and West Nusa Tenggara (West Lombok) were sufficient for releasing new varieties as recommended by Ministry of Agriculture. A thorough land preparation before planting was done in order for giving an optimum soybean plant population for the highest possible yield and weed control. Field for soybean cultivation is dryland farming which is was completely processed along with the soil treatment or additional manure (mature and dry) with a dose of 1 ton/ha. The standard evaluation followed recommended procedure in soybean cultivation. The experiment was laid out in a randomized block design with 3 replications. A total of 11 promising mutant lines along with four check varieties were planted using 2.4 m × 4.8 m plot size of each line, 40 cm x 15 cm plant spacing, two grains per hill. Fertilizers of 50 kg/ha urea, 250 kg/ha SP36,100 kg/ha KCl and 1 ton/ha organic fertilizers were applied at the same time as sowing the grains along the rows of plants. Controlling of pests, diseases and weeds were carried out according to the recommended procedure on soybean cultivation. Irrigation was applied routinely to maintain optimum soil moisture. Agronomic traits (yield and component) were measured namely days to flowering (DF), days to maturity (DM), plant height (PH) (cm), number of pods (NP), number of fertile node (NFN), number of branches (NB), 100 seed weight (100 SW) (g), and seed yield (SY) (ton/ha). Days to flowering was determined when 50% of plants per plot have at least one flower (R1-R2 of growth stage), and days to maturity was estimated when 50% of plants per plot reached R7 (one normal pod on the main stem that has reached its mature pod color) or R8 (95% of the pods which have reached their mature pod color) of soybean growth stage. Plant height, number of pods, number of fertile nodes, number of branches and 100 seed weight were estimated based on the mean of 10 individual plants as samples. Yield per line was calculated by weighing the harvested grains of all plant clumps in one plot then converted into 12% of water content to adjust at the same moisture of seeds. All collected data were subjected to be analyzed with a single-variant test.
Variance analysis (F test) was carried out partially in each location of field trial. If the F test has a significant effect then the middle value is further tested by Duncan's Multiple Range Test (DMRT) at 5% significance level (Gomez and Gomez 1984) . Statistical analysis was performed using the SAS program (SAS 2002) . In particular, seed yield (12% moisture content) per unit area was done using combined analysis of variance. If an interaction is demonstrated between the genotypes and environments (locations) as expected, further analysis of yield stability (Eberhart and Russell 1966) and adaptability (Finlay and Wilkinson 1963) would be estimated following the linear model as follows: Ϋij = µ + βi Ij + δ ij, i = 1,2,3, .... g Where, Ϋij : the average yield of the i-th line at the j-th location.
µ : average yield of all lines at all locations βi : regression coefficient that measures the response of the i-th line for results at different locations Ij : location index to j I as an environmental index is defined as: Ij : (∑i Yij / g) -(∑I ∑j Yij / gn), and Σj Ij : 0 δ ij : Deviation from the i-th line regression at the jlocation
The assessment criteria that a line is considered stable results in various locations (environment) if it has a regression coefficient not different from one and the regression deviation is not significantly different from 0, and has a potential yield above the average.
Regression coefficient values are also used as assessors of adaptability: βi <1.0: has stability above average, adapt specifically at marginal environments βi = 1.0: has average stability, adapt well at all environments βi> 1.0: has stability below average, adapt specifically at productive environments
RESULTS AND DISCUSSION
Molecular diversity among soybean mutants
Physical mutagenesis produces any DNA changes of point mutation, insertion, deletion that can affect phenotypic variation. Mutation breeding-derived crop varieties followed by selection provide appropriate genetic materials that could be beneficial for crop improvement (Oladose et al. 2015) . Molecular markers with high mutation in genome such as simple sequence repeats (SSR) could be useful for characterization of promising soybean mutant lines in our study. Assessment of 25 soybean genotypes consisting of 20 gamma-ray induced-soybean mutant lines, the parental lines and check varieties (M1-M25) as presented in Table 1 was attempted using 14 SSR markers to complement the phenotypic characters which are important in support of their efficient utilization.
All the SSR markers genotyped on 20 soybean mutant lines including the parental lines and check varieties were found to be highly polymorphic. The high number of alleles per locus and average number of allele was observed in this selected soybean mutant line. An average of 16.57 alleles with a range of 9-28 alleles per locus was identified. The lowest major allele frequency was estimated to be 10% (Satt30) and the highest one was 40% (GmES1424). The average gene diversity index was considerably high (0.90) (Table 4) , indicating its relevance to previous reports that used similar universal SSR markers and displayed moderate to high variability in mutants (Tembo and Munyinda 2015; Yuliasti and Reflinur 2017) . In addition, this study was in good agreement with previous report from Herrera et al. (2008) , that gene diversity of each SSR locus was correlated with the number of alleles and number of repeat motifs. Heterozygosity was also identified in a number of SSR loci in these mutants, suggesting the segregated soybean mutant lines observed in this study. Unique alleles existed in lines of M5, and M15 on specific loci, allowing to determine DNA fingerprint for its genetic identity (Choudhary et al. 2011; Lestari et al. 2016) . The PIC (Polymorphism Information Content) reflecting the polymorphism and allele frequency among lines, were not uniform and ranged from 0.77 (GmES1424) to 0.96 (Satt197) with an average of 0.90. Our study demonstrated that 13 out of the 14 markers revealed a high PIC value (PIC > 0.8), which suggest their effectiveness for further use of genetic studies of soybean mutant (Malek et al. 2014) . Importantly, this high gene diversity could provide a good basis for DNA profiling of soybean mutant (Tsuda et al. 2015 ). An example of amplicons generated by the SSR marker of Satt 002 and Satt 030 is shown in Figure  2 . Phenogram was generated from the SSR banding pattern demonstrated that gamma-ray induced mutation produced new alleles as proved by mutant lines which felt 25 genotypes into two distinctive clusters (Figure 3 ) between mutants and their parental lines along with check varieties. This result is in good agreement with previous studies showing different clustering of other bean mutants and their parental genotypes (Tembo and Munyinda 2015) . The first cluster consisted of 20 mutant lines with two subclusters, in particular, M6 (Biosoy-6) was solely in the second sub-cluster, indicating its far distance from the other mutant lines due to genetic change as observed by this SSR. Even though this SSR is universal markers, the distinctive of Biosoy-6 was relevant with agronomic and yield characters that differed from other mutant lines (Table 7) . The two parental lines from China (M23 and M24), derived crosses of Chinese genotype and Japanese genotype demonstrated its far distant as a result of mutation. The maximum similarity was demonstrated by M2 with M7, and M8 with M9, accounting for 87.3%. This was slightly greater than the closest mutant line (M20) with the parent (M24) which had similarity of 83.8%, as a result of gamma-ray mutation which affected genotypic and phenotypic changes. In contrast, minimum similarity was observed on mutant lines of M4, M6, M7, and M12 with their parent (M24). Notable, all mutant lines were genetically differentiated from their parents, and it reflected morpho-agronomical characters' changes. Such variation by mutation in our study, a desirable tool like in most selfpollinated crops, is important for soybean breeding (Acquaah 2007 ) that could generate superior lines.
To observe gamma-ray induction that produces insertions/deletions (indels), SSR motif on parent of Biosoy-M0 was identified in certain loci. Majority motifs of trimer (such as AAG, CTT, GAT, ATA, ATT, TTA) and minor one of dimer (TC) with varied repeats were found. The maximum length of SSR repeat was observed as ATT21 by Satt002, while the lowest repeat number (CTT4) was produced by GMES1845. Thus, according to allele size differences, indels could effectively be identified among mutant lines compared to the parent. Similarly to previous studies (Lenis et al. 2010; Hamzekhanlu et al. 2011 ), most of the mutant lines were able to be differentiated each other using a single marker or combination markers. Our study confirmed a high potential of SSR markers as robust molecular markers for soybean promising mutant lines differentiation, and evaluation of their genetic variation. Such DNA profiling is usable in soybean genetic identification, selection of progenies to support breeding and protection to complement quantitative traits (Sonia et al. 2012 ).
The varied soybean mutant lines that able to produce promising lines in this study is in good agreement with previous reports which resulted that a specific dose of gamma-ray induction could cause in genetic changes and influence the variability of plant growth and development of soybean mutants either via qualitative or quantitative morphological characters that ultimately could affect the plant yield (Karthika and Lakshmi 2006; Hanafiah et al. 2010; Malek et al. 2014) . Induced gamma ray-potential high yielding soybean mutant with significantly increased grain and yield components reflected their molecular level distinctness (Mudibu et al. 2012) . In this study, SSR marker demonstrated the robustness to identify the variation of mutant lines having different agronomical characters from the parental lines and could be further evaluated in genetic level as demonstrated by Lee et al. (2014) that DNA-based sequencing could be useful for elucidating the lipoxygenase content to develop soybean cultivars with improved flavor. Even though there has been limited report on induced gamma-ray in soybean, this study proved that combination between gamma-ray mutation and crossing is an effective tool to broaden genetic variation of soybean as well as to develop new soybean varieties with increased yield potential. 
Morpho-agronomical traits variation
The multiple environment trials demonstrated that there was significantly different yield among promising mutant lines and their comparison with the parental lines and check varieties. Two promising lines (Biosoy-8 and Biosoy-11) revealed the higher yield in eight sites compared to other mutant lines, respectively. The two consistently were greater their yields than both check varieties and the parental lines. As indicated by the multiple folds of yields, Biosoy-8 produced 19.1%, 18%, and 28.7% higher than Grobogan, Anjasmoro, and Biosoy-M0, respectively (Table 5 ). In particular, Biosoy-8 proved its stability by producing high yield in all locations, even though there was no significant difference in 4 sites (Wonosari, Cobatok, Muara, and Pusakanagara). Both Biosoy-8 (M10) and Biosoy-11 (M17) predominantly have yielded over either parental line (Biosoy-M0), or one parent for crossing (Chinese genotype) or check varieties (Grobogan and Anjasmoro) ( Table 6) .
As demonstrated in this study, analysis of variance demonstrated that there were significant differences in yield characters of promising mutant lines as a result of different environments in each location (Kuningan, Muara1, Kendalpayak, and West Lombok (West Nusa Tenggara) . The coefficient of variation (CV) on seven environments ranged from 13-17%, indicating the experimental precision and highly homogeneity, but not in Kendalpayak. Those inconsistencies of seed yield are likely due to differential response of promising mutant lines to various growing conditions/ environments (Nath and Dasgupta 2013) . This instability could also be influenced by different environmental characteristics for trial (Baye 2011) . Moreover, population of silverleaf whitefly (Bemisia tabaci) and pod sucking bug (Riptortus linearis) were found quite high in Kendalpayak, especially silverleaf whitefly which was difficult to be controlled. Silverleaf whitefly could rapidly increase its populations which could reduce crop yield. Since whiteflies play a role as vectors of cowpea mild mottle virus (CMMV) on soybean plants (Tsuda et al. 2015 ) (Rodrigues et al. 2014) , the most severe viral symptoms could be found in susceptible check variety (Anjasmoro), that had the lowest yield in Kendalpayak (Tables 5 and 6 ). Genetic changes due to irradiation of gamma-ray randomly clearly affected phenotypic changes including morpho-agronomic characters as demonstrated in the field trials of this study. Therefore, this study result is in good agreement with previous reports that in the case of genotype by environment interaction, the highest yield genotype in a given environment does not necessarily produce the highest yield in different environments, leading to be challenge for selection of ideal promising mutant line adaptable and stable in all environments. The genotype by environment interaction plays a major role in the performance of any mutant lines and in the success of breeding programs for the development of genetic material, adapted to various environments (Atta et al 2009; Nath and Dasgupta 2013) . Based on the yield in multiple environments supported by other morphological characters, two lines (Biosoy-8 and Biosoy-11) could be promising lines. The number of pods of Biosoy-8 and Biosoy-11 was higher than un-irradiated (Biosoy-M0) line and Grobogan, but less than Anjasmoro. While the number of branches of both promising mutant lines (Biosoy-8 and Biosoy-11) was higher than Grobogan but equal to Anjasmoro. Although the number of pods and branches of Biosoy-8 and Biosoy-11 were less than those in Anjasmoro, these seeds size was larger than Anjasmoro. The seed size (reflected 100 seed weight) of the Biosoy-8 and Biosoy-11 was larger (22 g/100 seeds) than Anjasmoro (15 g/100 seeds) (Table 7) . Compared to Grobogan, seeds size of Biosoy-8 and Biosoy-11 were slightly large. Grobogan seed weight was 21 g/100 seeds, while Biosoy-8 and Biosoy-11 were 22 g/100 seeds. This finding suggested that there was differential adaptation of soybean line. In line with study from Tukamuhabwa et al. (2012) , based on several locations tests in Uganda, two categories of soybean were found to be widely adapted genotypes and genotypes adapted to an optimal environment. Similarly, Rasyad and Idwar (2010) identified soybean genotypes with widely adaptation and specific locations based on soybean seed yield. However, these study results were in contrast to field trials of soybean in multiple environments reported by Aremu et al. (2007) as a result of unstable soybean genotype. Thus, a plant genotype is considered stable when the ability of this genotype has the same response in different environmental conditions. The regression coefficient of the character to environment index is equal to one (1) and the regression deviation does not differ from zero.
The G×E interaction found in this multi-environment trials in our study was relevant to previous studies as a common phenomenon in plant breeding activities (Rasyad and Idwar 2010; Crossa 2012) . G×E indicated qualitative interaction and become a major factor in supporting the recommendation of genotype selection (Gauch et al. 2008; Karimizadeh et al. 2013; Stagnari et al. 2013) . Therefore, analysis of combined variance of the eight field environmental was done and showed that the three parameters, such as environment, genotype, and genotype by environment interactions significantly affected the seed yield of the promising mutant lines of soybean (Table 7) . The varied altitude, soil type, and seasons/climate across 8 location trials resulted in different seed yields of each promising mutants. The significant interaction between promising mutant lines and environment showed that promising mutant lines of soybean have ability to adapt in various environments or specific locations/environments (Table 8 ). Note: The numbers in the same column followed by the same letters were not significantly different from each other at 5% according to DMRT test The degree of interaction of promising lines with these environments is important to determine suitable areas for their adaptation to cope with a particular environment. Moreover, environmental factors assessment on the genetic potential for a promising mutant line could direct a clue on their adaptability and stability (Oladose et al. 2016) . Therefore, a case of significant interaction between mutant lines and environment would need further tests to ensure their stability to adaptation on given environment. In relevant with previous reports (Tukamuhabwa et al. 2012; Nath and Dasgupta 2013) , significant G×E interaction analysis could identify the superiority of each line exhibited predominant morpho-agronomical characters in corresponding environment as a prerequisite of genotype stability, indicating as the key for breeding.
Stability analysis of 11 promising mutant lines of soybean (Table 9) , indicated that all promising mutant lines (Biosoy-1, Biosoy-2, Biosoy-3, Biosoy-4, Biosoy-5, Biosoy-6, Biosoy-7, Biosoy-8, Biosoy-9, Biosoy-10, and Biosoy-11) and Anjasmoro (lower yield) as check varieties were stable, in contrast to the other check varieties (Grobogan and Biosoy-M0). In eight environments, Biosoy-8 had the highest seed yield (2.713 ton/ha) followed by Biosoy-11 (2.631 ton/ha). Biosoy-8 and Biosoy-11, which have yield potential of 3.12 and 3.3 ton/ha, respectively, indicating 16-20% higher than Grobogan or 10-16% against Anjasmoro. While some lines (Biosoy-3, Biosoy-4, Biosoy-5, and Biosoy-10) produced yield above 2.5 ton/ha (Table 4) , indicating their higher production than national production per ha. Based on the yield stability in various environments supported by agronomic characters (number of pods and seeds yield), two promising mutant lines (Biosoy-8 and Biosoy-11) had a high considerable opportunity to be released as improved high yielding soybean varieties with large seeds. These promising soybean mutant lines resulted in this study are in good agreement with previous reports to prove the strength of gamma irradiation to produce new plant varieties (Asare et al. 2017; Harsanti and Yulidar 2019) . The study clearly demonstrated that the agronomical traits evaluation and molecular variation of promising mutant lines could assist their identification and maximal utilization in the future. Various lines can be obtained from crosses between two diverse parental lines and mutation on advanced generation accompanied by selection will be beneficial tool for genetic improvement (Acquaah 2007) . Another breeding approach might also contribute to select diverse mutants lines (especially for traits which are quantitatively inherited) as parental genotypes to generate desirable varieties. Eberhart and Russell (1966) In conclusion, the adaptation tests in several locations with different environments which was supported by data on resistance to rust, sucker pests, and pod borer revealed two soybean promising lines, namely Ped-MB-2-896-1 (Biosoy-8) and Ped-MB-5-10 (Biosoy-11) that have superiorities over check varieties Grobogan and Anjasmoro. Ped-MB-2-896-1 line has a potential yield of 3.29 ton/ha with an average yield of 2.71 ton/ha, which is 19.1% higher than Grobogan and 18.0% higher than Anjasmoro, medium age (83 days) with 33 pods/plant, large seed (22.2 g/100 seeds), sturdy and wide stem with a diameter of 7.9 mm, resistant to leaf rust disease, resistant to pests pod suckers and pod borer, with DNA fingerprint profile of TACAAGGGCA. Bulk-M-B-5-10 line could be described that its potential yield is of 3.55 ton/ha with an average yield of 2.63 ton/ha, which is 15.5% higher than Grobogan and 14.4% higher than Anjasmoro, medium age (84 days), having 35 pods/plant and large seed (22.4 g/100 seeds), sturdy and wide stem with a diameter of 7.6 mm, resistant to leaf rust, moderate resistant to leaf sucker pest and pod borer resistance, with DNA fingerprint profile of AGCATGTGTA. Both lines have stable yields at various locations. Genetic diversity among mutant lines generated from advanced cross and in comparison with the parent was indicative of existed mutation due to gamma-ray which reflected to agronomical changes. Therefore, Ped-MB-2-896-1 (Biosoy-8) and Ped-MB-5-10 (Biosoy-11) which had advantages over check varieties Grobogan and Anjasmoro had been successfully selected and were released as newly improved soybean varieties named with Biosoy-1 and Biosoy-2, respectively, in 2018 in Indonesia. Notably that this gamma irradiation proved an adept means of encouraging to produce new genetic variation (Singh and Datta 2010; Pushparajan et al. 2014) . The combination of hybridization and induce mutation inbreeding has been successfully used in this study to generate new soybean varieties with desirable morpho-agronomical characters.
